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QTc dispersion increases during hemodialysis with low-calcium the incidence of ventricular arrhythmias is further increased
dialysate. during hemodialysis (HD) [1–4]. This arrhythmogenic
Background. The risk of ventricular arrhythmias is known effect has been thought to result from pre-existing coro-to increase during hemodialysis (HD) treatment, but the cause
nary artery disease [5], cardiac systolic dysfunction [2],of this phenomenon has remained unidentified. QT dispersion
changes in plasma potassium during HD [6], and abnor-(5 QTmax 2 QTmin) reflects heterogeneity of cardiac repolariza-
tion, and increased dispersion is known to predispose the heart malities in serum calcium [2, 4] and parathyroid hormone
to ventricular arrhythmias and sudden cardiac death. (PTH) [3, 4] metabolism. The ultimate cause, however,
Methods. We studied the effect of dialysate calcium concentra- remains obscure.tion on cardiac electrical stability during HD treatment in 23 end-
During HD, serum-ionized calcium varies directly withstage renal disease patients. Three HD treatments were applied
the dialysate calcium concentration [7]. Changes in se-with dialysate Ca11 concentrations of 1.25 mmol/L (dCa111.25),
1.5 mmol/L (dCa111.5), and 1.75 mmol/L (dCa111.75). The rum calcium, in turn, strongly affect the length of the QT
QTc interval and QTc dispersion were measured before and interval [8]. Consequently, HD-induced acute changes in
after the three sessions. serum calcium may contribute to the arrhythmogenicResults. With the dCa111.5 and dCa111.75 dialyses, serum
effect of HD treatment.Ca11 increased and the QTc interval remained stable (dCa111.5)
Any regional differences in cardiac electrical recoveryor decreased (dCa111.75), but no significant change was noted
in QTc dispersion. With dCa111.25 HD, serum Ca11 decreased predispose the heart to ventricular re-entry arrhythmias
(1.24 6 0.11 vs. 1.20 6 0.09 mmol/L, P , 0.05), and both the [9]. Such disparity in repolarization can be assessed by
QTc interval (403 6 27 vs. 419 6 33 ms, P , 0.05) and QTc measuring the QT dispersion, that is, the variation in QTdispersion increased (38 6 19 vs. 49 6 18 ms, P , 0.05). The
interval length, on a standard 12-lead electrocardiogramchange in the QTc interval correlated inversely with the change
in serum Ca11 (r 5 20.68, P , 0.0001). Except for serum (ECG; QT dispersion 5 QTmax 2 QTmin). This procedure
Ca11 and plasma intact parathyroid hormone, predialysis and has been shown to be a useful and reliable means of
postdialysis values in other blood chemistry, blood pressure, identifying patients at risk of ventricular arrhythmias
heart rate, body weight, and total ultrafiltration were equal in
[10–13]. High values for QT dispersion have been re-the three dialysis sessions.
ported in patients with left ventricular (LV) hypertrophyConclusion. This study is the first, to our knowledge, to
demonstrate that HD increases QTc dispersion if a low-calcium [14, 15], myocardial infarction [11, 13], and ESRD [16].
(dCa111.25) dialysate is used. This indicates that the use of low- The present study was designed to evaluate the effect
calcium dialysate may predispose HD patients to ventricular of dialysate calcium concentration on cardiac electrical
arrhythmias and that perhaps it should be avoided, at least
stability during HD treatment by measuring the QT in-when treating patients with pre-existing cardiac disease.
terval and QT dispersion before and after three HD
sessions, each with a different concentration of dialysate
calcium.There is a high prevalence of cardiac arrhythmias in
patients with end-stage renal disease (ESRD) [1, 2], and
METHODS
SubjectsKey words: dialysis, calcium, chronic renal failure, QT interval, arrhyth-
mia, sudden cardiac death, ventricular arrhythmia. The subjects involved comprised 23 (20 males and 3
females) ESRD patients undergoing regular HD threeReceived for publication April 19, 1999
times a week, four to five hours per session. The age ofand in revised form November 16, 1999
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rate with Bazett’s formula: QTc 5 QT/(RR)1/2. QT dis-
persion was defined as the difference between the maxi-
mum and minimum QT interval, and QTc dispersion was
computed.
To evaluate intraobserver variability in QT interval
and QT interval dispersion measurement, the ECGs of
15 patients were analyzed by a single observer (S.E.N)
on two different occasions. There were no significant
differences in QTc interval (404 6 26 vs. 404 6 28 ms,
P 5 NS) or QTc dispersion (42 6 21 vs. 45 6 18 ms,Fig. 1. Method of using a tangent drawn to the steepest point on the
down slope of the T wave to measure the QT interval. P 5 NS) between the two recordings. According to the
method of Bland and Altman, the mean of the differ-
ences was 0.0 6 7 ms for the QTc interval and 23.0 6
27 ms for QTc dispersion, the corresponding 95% confi-12.5) months. The causes of ESRD were chronic glomer-
dence intervals ranging from 23.9 to 3.9 ms and fromulonephritis (N 5 8), diabetic nephropathy (N 5 5), poly-
218.0 to 12.0 ms [18].cystic kidney disease (N 5 4), hypertensive nephroscle-
Before and after each of the three study HD sessions,rosis (N 5 3), secondary amyloidosis (N 5 2), and
blood pressure and heart rate were measured, and bloodhypoplastic kidney disease (N 5 1). Nineteen patients
samples were collected for the measurement of ionizedwere hypertensive. Three had congestive heart disease,
calcium, intact PTH, phosphate, sodium, potassium,
and three had a myocardial infarction in their medical
magnesium, creatinine, urea, hemoglobin, pH, and bicar-
history. Sixteen were receiving b-blockers, 12 calcium
bonate. The concentration of serum-ionized calcium was
antagonists, 5 angiotensin-converting enzyme inhibitors,
measured with a Radiometer ICA-1 Analyzer (Radiom-
4 angiotensin-receptor antagonists, 5 nitrate agents, and
eter A/S, Copenhagen, Denmark) and that of plasma
6 diuretics. All patients were taking vitamin B and vita-
intact PTH by two-site immunoradiometry (N-tactt PTH
min C supplements. Eighteen used calcium-containing
IRMA; Incstar Corp., Stillwater, MN, USA). Other labo-
phosphate binders, and 9 used a vitamin D analogue.
ratory analyses were made by routine automatic methods.
Sixteen were on erythropoietin. No patient received
medication known to affect the QT interval, and all medi- Statistical analyses
cations were continued unchanged throughout the study.
The means and standard deviations of all variables
All patients gave informed consent, and the study was were calculated. Student’s t-test for paired samples and
approved by the Ethics Committee of Tampere Univer- simple-regression and multiple-regression analyses was
sity Hospital. used to determine statistical significance, and P values ,
0.05 were considered significant. The Statgraphicst (ver-Protocol
sion 7.0) statistical package was used.
All patients underwent three study HD sessions with
the dialysate Ca11 concentrations of 1.25 mmol/L
RESULTS(dCa111.25), 1.50 mmol/L (dCa111.50), and 1.75 mmol/L
(dCa111.75). Except for the concentration of Ca11, the dCa111.25 HD induced a decrease in serum-ionized cal-
compositions of the three dialysates were comparable. cium (from 1.24 6 0.11 to 1.20 6 0.09 mmol/L, P , 0.05)
At the beginning and the end of the three study HD and a slight, although not significant, increase in plasma
sessions, standard 12-lead ECG was performed at a pa- intact PTH (Table 1). With dCa111.5 and dCa111.75
per speed of 50 mm/s (Sicard 440; Siemens, Hoffmann dialyses, serum ionized calcium increased, and plasma
Estates, IL, USA). QT intervals were measured manu- intact PTH decreased (Table 1). The predialysis values
ally by a single observer (S.E.N), who was unaware of for serum-ionized calcium and plasma intact PTH were
the concentration of dialysate calcium used during the comparable between the treatments. Both the predialysis
session and whether the recordings were made before and the postdialysis values (except for plasma phos-
or after HD treatment. Three consecutive complexes phate) and the dialysis-induced changes in other blood
were analyzed for each lead. The end of the T wave chemistry, systolic, diastolic and mean arterial blood
was defined as the intersection of the tangent to the pressure values, heart rate, body weight, and total ultra-
descending limb of the T wave with the isoelectric line filtration were equal in the three sessions (Tables 1 and 2).
(Fig. 1) [17]. If the T wave was flat or could not be With dCa111.25 HD, the QTc interval was prolonged
properly determined, the lead in question was excluded (from 403 6 27 to 419 6 33 ms, P , 0.05), whereas with
from analysis. In no case were there fewer than seven dCa111.5 HD, it remained stable, and with dCa111.75
HD it was curtailed (Table 2 and Fig. 2). QTc dispersionmeasurable leads. QT intervals were corrected for heart
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Table 1. Laboratory values in 23 hemodialysis (HD) patients measured before (pre) and (post) after three dialysis treatments
with alternative dialysate
Dialysate Ca11 1.25 mmol/L Dialysate Ca11 1.5 mmol/L Dialysate Ca11 1.75 mmol/L
Laboratory values pre post pre post pre post
Serum ionized calcium
mmol/L 1.2460.11 1.2060.09a 1.2560.10 1.3560.06a,b 1.2360.10 1.4860.08a,b,c
Plasma phosphate mmol/L 1.8960.53 0.9460.27a 1.9860.65 1.0260.27a,b 1.9160.60 1.0460.29a,b
Plasma intact PTH pmol/L 5.3 (median) 9.0 (median) 11.2 (median) 6.4 (median)a,b 10.9 (median) 2.9 (median)a,b,c
1.2–103.0 (range) 1.4–102.0 (range) 1.9–124.0 (range) 0.8–100.0 (range) 1.2–138.0 (range) 0.8–76.5 (range)
Plasma magnesium mmol/L 0.9360.16 0.8460.07a 0.9160.14 0.8260.07a 0.9560.15 0.8360.07a
Blood hemoglobin g/L 11369 120613a 111 610 118613a 116613 121614a
Plasma sodium mmol/L 14162 14262 14163 14162 14062 14162
Plasma potassium mmol/L 5.160.7 3.760.4a 5.060.8 3.860.3a 5.060.7 3.860.31a
Plasma chloride mmol/L 10364 10163a 10364 10262a 10264 10162a
Plasma creatinine lmol/L 8476260 3466127a 8536270 3486123a 8216251 3466117a
Serum urea mmol/L 20.364.8 6.662.7a 20.664.4 6.662.2a 19.963.2 6.361.7a
pH 7.3860.04 7.4660.05a 7.3860.04 7.4660.04a 7.3860.04 7.4560.05a
HCO3 mmol/L 23.362.4 28.561.2a 23.362.5 28.961.2a 23.162.3 28.161.2a
Reference ranges are: ionized calcium 1.20–1.35 mmol/L, phosphate 0.80–1.40 mmol/L, intact PTH 1.0–6.8 pmol/L, magnesium 0.75–1.00 mmol/L, hemoglobin
130–180 g/L, sodium 135–146 mmol/L, potassium 3.3–4.8 mmol/L, chloride 96–111 mmol/L, creatinine ,115 mmol/L, urea 3.0–8.5 mmol/L, pH 7.35–7.44, HCO3
22.0–27.0 mmol/L.
aPredialysis vs. postdialysis, P , 0.05
bPostdialysis value significantly (P , 0.05) different from that in dCa11 1.25 HD
cPostdialysis value significantly (P , 0.05) different from that in dCa11 1.5 HD
Table 2. QT and QTc intervals, QT and QTc dispersions (5 QTmax 2 QTmin) and clinical data on the 23 hemodialysis (HD) patients
before (pre) and after (post) dialysis treatments with alternative dialysate Ca11 concentrations
Dialysate Ca11 1.25 mmol/L Dialysate Ca11 1.5 mmol/L Dialysate Ca11 1.75 mmol/L
pre post pre post pre post
QT interval ms 375642 378648 383649 373642a,b 377645 352644a,b,c
QTc interval ms 403627 419633a 403640 401635b 407634 389632a,b,c
QT dispersion ms 32616 35616 32613 31617 29611 34613
QTc dispersion ms 38619 49618a 36615 41621 36614 40615
Systolic blood pressure mm Hg 156624 149626 157624 163625 152623 161630
Diastolic blood pressure mm Hg 89610 88614 90613 92610 89614 88614
Mean arterial blood pressure mm Hg 122616 119618 124617 128615 121616 125619
Heart rate beats/min 69613 74616a 69611 74615a 70614 77617a
Body weight kg 79.9619.2 77.9618.3a 80.4619.1 78.4618.2a 79.5618.8 77.9618.7a
Total ultrafiltration ml 252561340 215661944 220461741
aBefore vs. after hemodialysis, P , 0.05
bPostdialysis value significantly (P , 0.05) different from that in dCa11 1.25 HD
cPostdialysis value significantly (P , 0.05) different from that in dCa11 1.5 HD
tended to increase with the dCa111.5 and dCa111.75 (dCa111.5 HD, P 5 NS), and from 422 to 409 ms
(dCa111.75 HD, P , 0.05).dialyses, but the dCa111.25 HD was the only procedure
that induced a significant increase in QTc dispersion The change in QTc interval induced by the three study
HD sessions correlated inversely with the change in se-(from 38 6 19 to 49 6 18 ms, P , 0.05; Table 2 and Fig. 2).
The minimum QT interval changed from 354 to 356 rum ionized calcium (r 5 20.68, r 2 5 0.46, P , 0.0001;
Fig. 3). In multiple regression analyses, where thems (dCa111.25 HD, P 5 NS), from 367 to 354 ms
(dCa111.5 HD, P , 0.05) and from 360 to 333 ms changes in ionized calcium, intact PTH, phosphate, mag-
nesium, sodium, potassium, chloride, hemoglobin, creati-(dCa111.75 HD, P , 0.05) and the maximum QT interval
from 386 to 391 ms (dCa111.25 HD, P 5 NS), from 399 nine, urea, bicarbonate, pH, mean body weight, total
ultrafiltration (UF), age, sex, duration of HD, systolic,to 385 ms (dCa111.5 HD, P , 0.05), and from 389 to
367 ms (dCa111.75 HD, P , 0.05). The minimum QTc and diastolic and mean arterial blood pressure were inde-
pendent variables, the change in serum ionized calciuminterval changed from 380 to 385 ms (dCa111.25 HD,
P 5 NS), from 383 to 379 ms (dCa111.5 HD, P 5 NS) was the only variable correlating independently with
change in the QTc interval. No correlations could beand from 387 to 369 ms (dCa111.75 HD, P , 0.05), and
the maximum QTc interval from 418 to 434 ms found between any of these variables and change in QTc
dispersion (simple- and multiple-regression analyses).(dCa111.25 HD, P , 0.05), from 420 to 419 ms
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Fig. 3. Relationship between the changes in serum Ca11 and QTc inter-
val in the 23 HD patients during the three HD treatments with different
concentrations of dialysate Ca11 (r 5 0.68; P , 0.0001).
ple, LV hypertrophy, chronic congestive heart disease,
and myocardial infarction) increase the QT dispersion
[11, 13, 14, 21, 22] and are at least partly responsible
for the high overall incidence of cardiac arrhythmias in
patients with ESRD. However, although the arrhythmo-
genic effect of HD treatment is well known [1–4], the
exact cause of HD-induced arrhythmias has remained
unidentified. These arrhythmias are most probably mul-
tifactorial in origin, and changes in serum calcium and
PTH metabolism have been proposed to be involved
[2–4]. This is well conceivable in that changes in serum
calcium are known to affect the electrical conduction
times of the myocardium [8]. In the present study, we
Fig. 2. QTc interval (A) and QTc dispersion (5 QTmax 2 QTmin) (B) in sought to establish whether the dialysate calcium concen-the 23 HD patients, measured before (h) and after (j) the three HD
tration affects the QT interval, especially QT dispersion.treatments with different concentrations of dialysate Ca11.
The changes in the QTc interval here were, as expected,
inversely related to the changes in serum-ionized calcium
induced by the three different study HD sessions. The
DISCUSSION QTc interval remained stable with the dCa111.5 HD
QT dispersion comprises the difference between the and decreased with the dCa111.75 HD. QTc dispersion
longest and the shortest QT interval on a standard 12- tended to increase with both dCa111.5 and dCa111.75
lead ECG, and reflects differences in ventricular recov- dialyses, although the changes were not significant. How-
ery times. A nonuniform electrical conduction in the myo- ever, the decrease in serum-ionized calcium and prolon-
cardium exposes the heart to ventricular arrhythmias [9]. gation of QTc interval with the dCa111.25 HD were
There is convincing evidence of a relationship between accompanied by a significant increase in QTc dispersion.
increased QTc dispersion and the occurrence of ventricu- Except for ionized calcium and intact PTH, the dialysis-
lar arrhythmias [11, 13, 19] and sudden cardiac death induced changes in other blood chemistry, blood pres-
[20] in patients with prolonged QTc interval [19], chronic sure, heart rate, body weight, and total UF were compa-
heart failure [20], or myocardial infarction [11, 13]. rable between the three procedures. Accordingly, with
respect to these parameters, the significant increase inCardiac structural and functional changes (for exam-
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QTc dispersion with the dCa111.25 HD can well be ex- to be independent risk factors underlying increased car-
plained by the decrease in serum ionized calcium. diovascular mortality in patients with pre-existing cardio-
To our knowledge, there are only two reports on the vascular diseases [30].
effects of HD on QT dispersion [23, 24]. In the study by Our present study is, to our knowledge, the first to
Cupisti et al, in contrast to our results, the QTc dispersion show the effect of dialysate Ca11 concentration on QT
was seen to increase significantly during HD with a high- interval and QT dispersion, and the findings may have
calcium (2.0 mmol/L) dialysate [23]. However, the in- clinical implications. In our previous studies, we have
crease in serum total calcium was surprisingly accompa- shown that an acute induction of hypercalcemia by cal-
nied by an increase in QTc interval, which would suggest cium infusion [32] or by HD with a high-calcium dialysate
that other confounding factors in their study contributed [33] impairs LV relaxation. The present results, in turn,
to the HD-induced changes in QTc interval and QTc show that the use of a low-calcium dialysate increases
dispersion. Compatible with our results, Morris et al have the QT interval and dispersion and hence may predis-
recently demonstrated that HD treatment with reduced pose HD patients to ventricular arrhythmias during
serum calcium increased both the QTc interval and QTc treatment. This suggests that the dialysate calcium con-
dispersion [24]. centration affects both the relaxation properties and the
The overall QTc intervals in our patients were rela- electrical stability of the myocardium; thus, the use of a
tively short, but this arises from the use of a tangent dialysate Ca11 concentration which raises serum Ca11
method [13, 15, 17, 25] in defining the end of the T wave. near to the upper limit of the normal range might be
Correspondingly short QTc intervals in HD patients have advocated, at least when treating patients with pre-exist-
been reported by other authors who used the same ing cardiac diseases.
method [26]. In the present study where the QT intervals
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